Molecular dynamics (torsional frequencies) in several chlorine compounds were evaluated on the basis of X-ray thermal parameter data and nuclear quadrupole resonance data using Bayer's and Brown's approximation. It was found that the values obtained in both cases are in good agreement. The above approach is a good illustration of the supplementary nature of the data from X-ray studies in relation to nuclear quadrupole resonance studies of compounds in solid state.
Introduction
Study of nuclear quadrupole resonance (NQR) in molecular solids gives useful information about the molecular dynamics (torsional frequencies) and phase transitions in solids [1] . Usually the torsional frequencies, namely f x and f y , are calculated using NQR frequency and crystal structure data, by numerical analysis [2] . The values will be compared with Fourier transformed IR/IR data.
Here an approach has been made to evaluate torsional frequencies at room temperature in number of chlorine compounds using crystal structure and the available X-ray thermal parameters. In order to evaluate the torsional frequencies the mean square angular displacements of various C-Cl bond directions and the available X-ray thermal parameter has been utilized.
Method of calculation
The temperature factor of an atom for any set of lattice planes (hkl) depends on the interplanar spacing and on the magnitude of vibration perpendicular to the planes. The expression for general temperature factor is given as Let us suppose that the mean square displacements of two atoms forming a bond are given by U 2 1 and U 2 2 and the length of the bond is l 12 , then the mean square displacements of the bond direction would be approximately given by
(2) The mean square angular displacement values calculated using the above equation are given in Table I .
The NQR motional averaging has been shown to arise from temperature dependent tilting of the z-axis of the electric field gradient (EFG) tensor. One can therefore estimate θ 2 for various C-Cl bond directions with the respective EFG z-directions through the NQR data. The torsional frequencies of the molecules are evaluated using the formula
Using high temperature approximation [3, 4] , hf T /kT 1, Eq. (3) can be written as Equation (4) can be expressed in terms of mean square angular displacement as
Comparing Eq. (4) and Eq. (5), the mean square angular displacement θ 2 is given by
Therefore
where A = (A x + A y )/2 -average value of the moment of inertia and f T -the torsional frequency. Estimated values of moment of inertia (A) and the torsional frequency (f T ) values are given in Table II and Table III . 
Results and discussion
Generally, the torsional frequencies of the molecules lie in the range 20 cm −1
to 100 cm −1 [5] . In the present case, the values obtained by X-ray thermal parameters, were compared with those obtained by NQR data [6] [7] [8] . It was found that the values obtained in both cases are in good agreement. The above approach is a good illustration of the supplementary nature of the data from X-ray studies [9] [10] [11] [12] in relation to NQR studies of compounds in solid state. It is also interesting to compare this value with the Raman data and infrared data.
